Aim: To conduct a detailed computed tomography (CT) assessment of dimensions of the subaxial cervical spine pedicle in volunteers without any cervical spine pathology.
INTRODUCTION
Posterior fixation of the cervical spine is the treatment of choice for several disorders, such as infection, tumor, trauma, and degenerative disease, depending on instability and anatomical features. Several techniques have been described for treatment including interspinous wiring, laminar hooks, lateral mass screw fixation, and the most recent being transpedicular screw fixation.
1,2
In the cervical pedicle screw fixation, a screw is inserted from the lateral mass to the vertebral body, passing all inside the cervical pedicle that gives a three-column fixation. For each side, a rod is used to connect the screws and stabilize the cervical segment. 3 Various biomechanical studies have shown that cervical pedicle screw has a better pullout strength than other posterior cervical fixation techniques and failure rate is significantly low. [4] [5] [6] [7] The cervical pedicle surgical anatomy has been studied in North America, Asia, and Europe, [8] [9] [10] [11] [12] and it has anatomical parameters of the cervical spine pedicles that may differ in various regions. Indian population have been studied for cervical pedicle morphometry 13, 14 but there are no studies about South Indian population without any cervical spine pathology. The objective of our study was to conduct a detailed CT assessment of dimensions of the cervical pedicle in subjects without any cervical spine pathology.
MATERIALS AND METHODS
The institutional ethical committee approved the study protocol. Cervical spine CT scans of 66 consecutive subjects without any cervical spine-related problems who involved voluntarily for the study were taken with the subject supine and the neck at a neutral position. The cervical CT scans were performed by using a CT scanner (Siemens 16 slice CT machine). Axial CT images with 1 mm and sagittal CT images with 2 mm slice thickness were obtained. The CT cuts were taken parallel to the upper endplate of the vertebral body using a helical CT scanner at 1 mm intervals. Axial and sagittal images of cervical pedicles from the third (C3) to the seventh cervical vertebra (C7) were selected. The CT images in which each pedicle appeared largest were selected for calculating the transverse diameter.
Subjects with any history of neck pain, spinal fractures, evidence or history of previous cervical spine surgery, infections, neoplasms, trauma, or congenital spinal anomalies were excluded from the study.
The Fig. 4) of both left and right side, which are important for cervical pedicle screw insertion, were identified. These parameters have been measured (for each of five cervical vertebrae, C3-C7) from the CT scan data of the subjects, by using MIMICS software (version 2016), by the senior author, who was blinded to the age, sex, height, and weight of the study group.
Statistical Analysis
The CT measurements were calculated as mean and standard deviation (SD) of the study group. A total of 660 pedicles including cervical vertebrae from C3 to C7 were examined. The means and SDs of the linear and angular parameters were calculated at each level for male and female subjects separately. Averages and SDs were calculated for the pedicle dimensions and measured values were compared using Student's t-test. Pearson's correlation coefficient was used to correlate between BMI and PW.
RESULTS
In demographic profile, out of 66 subjects, 33 were males and 33 were females. Mean age of male subjects was 44.8 years (22-68 years) and mean age of female subjects was 35.9 years (17-60 years). Mean height, weight, and BMI of male subjects (165.07 ± 3.28; 60.67 ± 4.03; 24.58 ± 2.6), similarly the mean height and weight of female subjects were found (155.67 ± 2.64; 58.80 ± 4.51; 24.03 ± 2.07; Table 1 and Graph 1).
As shown in Table 2 and Graph 2, the mean values of PALs progressively increased from C3 to C6 vertebrae level for both males and females. The mean value of pedicle length of C6 was almost same as that of C7 level. Also, it can be seen that the mean values for females are smaller than those for males, for both left and right sides.
No variation was found among the gender in case of PTA as depicted in this present study (Table 3 and Graph 3). However, we found that the PTA variation among C3 to C7 demonstrated the same pattern among the left and right pedicles as they had wide angle in the upper subaxial cervical spine, C3 to C6, and became slightly narrow in the lower cervical region at C7. Mean PTA of C3, C4, and C5 is given in Graph 4. Table 4 shows the mean values, SDs, and range of PHs. The PH values of women are smaller than those of men. For this parameter, difference is observed between left-side values and right-side values for men and women. In men, right-side values are higher, whereas in females paradoxically higher left-side values were observed.
In our study, we found strong correlation with BMI and PW (R 2 = 0.654). Mean values variation of PWs through vertebrae levels from C3 to C7 are demonstrated in Table 5 and Graph 5. Like pedicle length values, the Graph 1: Mean BMI of study subjects Table 6 . Pedicle widths also are found to be smaller for women than of men, at all vertebrae levels, but we found little difference between left side and right side for both men and women.
DISCUSSION
Cervical pedicle screws are one of the most advanced procedures for treatment of cervical instability, but concern remains as neurological and vascular complications due to misplaced pedicle screw can result in permanent physical impairment to subjects undergoing surgery. Morphological studies of the cervical spine have been reported as a way to evaluate the feasibility and safety of the technique. Studies conducted upon the Western population have shown the diameter of the cervical spine to be adequate for screw fixation. 15, 16 Various studies have shown a difference between the size of the cervical pedicles in the Western and Asian population. 10, 11 Our results demonstrate that anatomical morphometric features of the Graph 5: Mean PW in study subjects cervical pedicles of the studied population are similar to previously reported data but there is a small difference. The majority of existing studies on cervical pedicle measurement relied on the assessment of symptomatic subjects, whereas we assessed cervical pedicle dimensions in asymptomatic subjects.
Pedicle Axis Length
It may be observed that the PAL values for Indian males are found to be bigger at all subaxial cervical levels than those for other Asian male population including Chinese people. In females, PAL values are similar to that of Asian population. It can be seen that the pedicle dimensions of Indian people are smaller at almost all vertebral levels as compared with Caucasian people in both females and males. We observed that mean PAL from C3 to C4 was found to be 36 mm in males and 32 mm in females, C5 to C7 was found to be 40 mm in males and 37 mm in females, so we recommend 30 mm pedicle screws in C3 and C4 for males and 25 mm pedicle screws for females, and 35 mm pedicle screws in males and 30 mm pedicle screws for females in C5 to C7 region to avoid vascular and soft tissue injuries (Graph 2, Table 2 ).
Pedicle Transverse Angle
Possible concern regarding cervical pedicle screw fixation is direction of insertion, when a cervical pedicle screw is inserted through a standard approach. Angular measurements of the transverse pedicle axis provide a quantitative description of the direction of pedicle screw insertion. The calculated mean values and SD of PTA are tabulated and compared with international and Indian previous reports. We found that transverse plane angulations were significantly dependent on spinal level. Transverse angulation was approximately 48° at C3 to C6 and decreased caudally to approximately 41° at C7 for both sexes (Graph 3, Table 3 ). The left and right pedicles had similar wide angles in the upper subaxial cervical spine. Our results revealed the characteristic trend, which were comparable to the previous studies.
17,18
Pedicle Height
We noted that comparative measures of mean PH of Indian males and females with European and American people showed smaller PH in Indian population at all cervical vertebrae level. Our results were comparable to other Indian studies.
Considering the proportion of individuals detected in our analysis with cervical PW incompatible with a 3.5 mm screw size, the preoperative evaluation of the cervical pedicle anatomic parameters, primarily the PW, should be performed to evaluate safety and feasibility of transpedicular screw technique. We recommend that spine surgeons must be aware and prepared to use alternative methods, such as the lateral mass screw technique (Graph 4, Table 4 ).
Pedicle Width
Pedicle width in the cervical spine shows a characteristic trend, as reported in other studies. 2, 8 The transverse pedicle diameter increases from C3 to C7 in both male and female subjects. 9 We observed that mean transverse PW from C3 to C5 was found to be 5.4 mm in males and 4.6 mm in females, C6 to C7 was found to be 5.6 mm in males and 5.3 mm in females, so we recommend 5 mm pedicle screws in C3 to C5 for males and 4 mm pedicle screws for females, and 5.5 mm pedicle screws in males and 5 mm pedicle screws for females in C6, C7 region to avoid vascular and neural injuries (Graph 5, Table 5 ). In our study, we found strong correlation between BMI and PW, female volunteers measuring low BMI found to have PW < 3.5 mm. The mean PW is less compared with those seen in the Western population but slightly more as compared with Asian population. Our measurements are similar to other studies in the Indian population as reported by Banerjee et al 13 and Patwardhan et al, 14 so transpedicular screw fixation is more risky in the Indian female population.
CONCLUSION
Despite our results being similar to previously reported studies, our study showed strong correlation between BMI and PW, and the frequency of subjects with PW < 3.5 mm in our population is higher, suggesting an increased risk during the attempting of transpedicular screw technique and this smaller size of pedicle in the Indian population needs to be taken into account while planning such a surgical procedure.
CLINICAL SIGNIfICANCE
Adequate preoperative CT assessment of cervical spine pedicles is essential for safe and ideal insertion for pedicle screw insertion. The use of standardized angles and standardized screw size for transpedicular screw insertion can result in catastrophic complications.
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